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Clinically monitoring recovery from clopidogrel and nonsteroidal anti-inflammatory
drug (NSAID) inhibition requires whole blood assays corresponding to a standard
methodology such as platelet-rich plasma aggregation monitored optically (OPA).
We compared OPA, using an ED., dose of adenosine diphosphate activation, with
2 whole blood assays, Plateletworks (PWA) and modified Thrombelastograph (TEG).
Two sets of assays were performed on 43 surgery patients while on clopidogrel and
off clopidogrel to determine the reversal of absolute and relative inhibition. The
modified TEG had Spearman correlations with OPA for absolute (p = .424; P = .006)
and relative inhibition (p = .742; P < .0001). PWA correlations with OPA gave
absolute (p = .28; P = .08) and relative inhibition (p = .46; P = .004) values.
Bland-Altman analysis indicated agreement of both tests with OPA, showing con-
stant biases of about 18% and some dependency on mean magnitude error. Cohen
effect size thresholds defined nonresponders as < 7.7% clopidogrel inhibition rela-
tive to baseline recovery of full platelet function. Apparent nonresponse to clopi-
dogrel or lack of platelet recovery did not correlate with statin or NSAID therapies.
These PWA and modified TEG whole blood assays could prove useful for monitoring
the reversal of clopidogrel and NSAID inhibition before surgery. More important,
these assays done at baseline and after beginning clopidogrel therapy could
monitor the effectiveness for the individual patients with cardiovascular disease and
help identify the need for alternative therapies. (J Lab Clin Med 2005;145:309-15)

Abbreviations: AA = arachidonic acid; ADP = adenosine diphosphate; CV = coefficient of
variation; KH = kaolin and heparinase; MA = maximum amplitude; NSAID = nonsteroidal
anti-inflammatory drug; OPA = optical platelet aggregation; PRP = platelet-rich plasma; PPP
= platelet-poor plasma; PWA = Plateletworks assay; TEG = Thrombelastograph

he widespread use of nonsteroidal anti-inflamma-
tory drugs (NSAIDs) and clopidogrel, with the
attendant risk of bleeding during surgical proce-
dures,"? has increased the need for point-of-care whole
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blood assays correlated with a standard methodology,
such as optically monitored platelet aggregation (OPA).
OPA was used during the development of clopi-
dogrel** but not in later clinical studies, because of
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expertise, time, and equipment constraints. In studies
where OPA has been done, baseline responses to aden-
osine diphosphate (ADP) have large standard devia-
tions. These range from * 9% for a selected group of
25 patients with hyperresponsive platelets’ to up to +
18% for 92 randomly selected patients receiving
stents.® Platelet inhibition by clopidogrel has been cal-
culated both as absolute’® and percent changes’ '3
from this variable baseline platelet response. In some
studies, an arbitrary < 10% inhibition was used to
indicate nonresponders to clopidogrel therapy.®!0~12

Whole blood assays for monitoring clopidogrel inhi-
bition include flow cytometry,>””!! platelet function
analyzer (PFA-100; Dade Behring, Deerfield, Ill),s'14
Ichor/Plateletworks analyzer (PWA) (Helena Laborato-
ries, Beaumont, Tex),® and whole blood impedance
aggregation.>'! Both platelet function analysis and
whole blood impedance assays proved not as sensitive
as OPA to clopidogrel inhibition. ADP-induced platelet
activation monitored by flow cytometry was sensitive
to clopidogrel, but this assay also was not directly
correlated with OPA.> PWA strongly correlated with
OPA for monitoring ADP-induced platelet aggrega-
tion'>!® but did not agree with OPA concerning im-
pairment of platelet function after cardiopulmonary by-
pass.!”

We tested a modified Thrombelastograph (TEG)
Haemostasis Analyzer (model 5000; Haemoscope,
Niles, I11) heparin-anticoagulated whole blood assay.'®
This assay monitors activator-dependent platelet—fibrin
interaction, correlates with OPA, and is sensitive to
both clopidogrel and NSAID inhibition.'® In this study
we compared the sensitivity/specificity of PWA and
modified TEG whole blood assays to OPA for the
detection of clopidogrel and NSAID inhibition and
recovery of platelet function in elective surgery pa-
tients.

METHODS

Our institutional review board, acting under Helsinki
Guidelines, reviewed the protocol used to obtain informed
consent from 43 elective surgery patients. Enrolled patients
were on a standard 75 mg/day clopidogrel therapy (with and
without NSAID) for > 30 days for previously diagnosed
cardiovascular disease. They were initially assayed while on
clopidogrel therapy and then assayed off clopidogrel and
NSAIDs for an average of 11 days, to allow platelets to
recover normal function. Patients were excluded if they had
thrombocytopenia, diagnosed hemophilia, or chronic bleed-
ing problems.

Three different assays were carried out: PWA using citrate-
anticoagulated blood (1:9 ratio of 100 mmol sodium citrate to
whole blood); TEG using blood anticoagulated with 14.7
U/mL sodium heparin; and OPA using a Chrono-Log Aggre-
gometer (Chrono-Log, Havertown, Pa) and heparin-anticoag-
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ulated blood to isolate platelet-rich plasma (PRP) and plate-
let-poor plasma (PPP). Blood was drawn into Vacutainer
tubes (Becton Dickinson Vacutainer Systems, Franklin
Lakes, NJ) and assayed within 1 hour for whole blood assays
and 2 hours for OPA responses to 1 wmol ADP (Chrono-
Log), made up as 100-fold concentrated stock solution.

OPA assays were carried out for 10 minutes after the
addition of 1 umol ADP, and the maximum percent aggre-
gation was determined as described previously.'® Heparin
significantly potentiates platelet aggregation with low-dose
ADP.?° In our previous studies with normal subjects, 1 wmol
ADP elicited close to an ED, aggregation response (37% =
5% vs a maximum 68% * 13% aggregation with 100 wmol
ADP) using heparinized PRP and was found to be sensitive to
both clopidogrel and NSAID inhibition for both OPA and
modified TEG.'® We used heparin, allowing the same ADP
dose and assayed without platelet count adjustment, to make
OPA more comparable with the whole blood assays. This also
allowed us to complete OPA assays within 2 hours. The 3
assays were each evaluated with respect to patients’ platelet
counts, either at baseline or after discontinuation of clopi-
dogrel. Linear regression 7* values were all < .004, and
Spearman P values were all > .26, indicating no significant
influence of platelet counts, which ranged from 99,000 to
427,000/uL (mean, 180,000/uL), to the response to 1 wmol
ADP.

The reproducibility of the assay was evaluated with a
normal volunteer on 4 separate days both before and during
clopidogrel therapy. The baseline percent OPA gave a mean
of 52% * 5%. During days 3-7, on a clopidogrel dose of 75
mg/day, the mean was 25% = 5%. The coefficients of vari-
ation (CV) were .092 and .204, respectively.

The PWA assay for percent aggregation uses a single-
platelet counting Coulter technology before and after
exposure to ADP to calculate aggregation, as described previ-
ously.'>'® In this study it was modified from the manufac-
turer’s recommendations to make it comparable to OPA,
continuously stirred at 37°C. The PWA used citrate-antico-
agulated blood instead of heparin in accordance with the
manufacturer’s recommendations, to avoid platelet microag-
gregate formation.>' Blood was added in 1-mL aliquots to
plastic tubes containing a stir bar, prewarmed to 37°C for
5-10 minutes, and placed in a 37°C thermostated tube holder
and stirred at 1000 RPM. After 1 minute, 1 wmol ADP was
added, and after another 30 seconds, the tube was placed in
the instrument for single-platelet counting. A stirred sample,
without added ADP, was used for the baseline platelet count.
The percent aggregation was calculated as the percent reduc-
tion of baseline single platelet counts by added platelet acti-
vator. In repeat assays (n = 8) of a single sample drawn from
a normal donor, the platelet counts of unstirred blood (aver-
age, 244,000 = 14,000/uL) were not significantly different (P
= .212; paired t-test) after stirring (237,000 = 8000). How-
ever, the percent aggregations obtained following the manu-
facturer’s recommendations for mixing at room temperature
(78% = 5%) versus our conditions (85% * 1%) were sig-
nificantly different (P = .013; paired #-test). Our methodol-
ogy also improved the CV from .065 to .016.



J Lab Clin Med
Volume 145, Number 6

The modified TEG assay has been described previously.'®
Heparin-anticoagulated whole blood is clotted by a reptilase-
Factor XIlIla activator mixture (Haemoscope). This activator
requires physiological calcium levels to function, thus pre-
cluding the use of citrated blood. The maximum amplitude
(MA) is proportionate to platelet activation. Responses were
compared to the MA of the same blood clotted with kaolin
and heparinase (MA,,) following the manufacturer’s instruc-
tions. A percent MA response (modified TEG %MA) was
calculated by subtracting the MA without platelet activation
(MA,) from the MA with ADP activation, dividing by MA 4
minus the MA,,, then multiplying by 100%. This is analogous
to the calculation done to determine OPA percent aggrega-
tion. The reproducibility of this assay was evaluated with a
normal volunteer as described earlier for OPA. The baseline
J%MA responses assayed on 4 successive days had a mean of
56% = 4%, which dropped to 6% * 4% after 3—7 days on 75
mg/day clopidogrel. The CVs were .076 for baseline and
1.238 on clopidogrel.

Of the 3 assays, the modified TEG is slightly sensitive to
hematocrit. The affect of hematocrit is to lower MA,, at high
hematocrit levels, presumably by interfering with fibrin net-
work shear viscosity. The linear regression was > = .172
with a slope of — .58 mm/percent hematocrit and a Spearman
correlation P < .0001. Hematocrit similarly lowered MA,
with 7 = .228 with a slope of — .72 mm/percent hematocrit
and a Spearman correlation P < .0001. However, there was
no significant correlation of hematocrit with the %MA re-
sponse to ADP (Spearman correlation P = .628).

Statistics. Absolute inhibition values are the off-clopi-
dogrel minus the on-clopidogrel platelet responses. Relative
percent inhibition is the absolute inhibition divided by the
off-clopidogrel platelet responses, with the result multiplied
by 100%. Paired r-tests were used to establish significant
changes from individuals’ baseline responses. Significance of
group differences was tested by independent-sample r-tests
for normally distributed data and by Mann-Whitney U-tests
for data that followed other distributions. The x> test was used
for categorical data. Strength of linear association was eval-
uated using both linear regression and Spearman correlation.
The OPA results were used to determine clopidogrel re-
sponder versus nonresponder status of the patient. The inhi-
bition effects of clopidogrel on ADP-induced OPA in this
study was evaluated using Cohen effect size cutoffs** to
define inhibition effects. This uses the absolute differences
between baseline and posttreatment responses of the study
population to define nonresponse as a < .2 fraction of the *
16.6% standard deviation of the absolute difference between
baseline and posttreatment OPA. Our nonresponders were
defined as < 3.3% absolute inhibition. Dividing the absolute
changes defined by the Cohen size effect by the baseline
average OPA value of 42.6% corresponds to < 7.7% for
nonresponder OPA inhibition. Bland-Altman bias plots of the
differences between the whole blood assays and OPA versus
the means of the 2 assays for each set of data, as well as linear
regression analysis of these data, were used to check for
proportional, magnitude, or systematic biases. These were
generated by the Analyse-It + Clinical Laboratory 1.65 pro-
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A. Standard Kaolin/Heparinase TEG Traces of Patient Sample ON- and OFF-Clopidogrel
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B. Modified TEG Assay of Patient Response to 1 pM ADP, ON- and OFF-Clopidogrel
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Fig 1. Standard (a) and modified (b) TEG traces of a patient on and
off clopidogrel. The vertical line indicates MA scale; the crossing
horizontal line indicates 5 minutes time. The MA and corresponding
%MA for each trace are indicated in the figure. For this individual,
we calculate a percent inhibition by clopidogrel of 66% in terms of
MA.

gram (Analyse-It Software, Leeds, UK). All other statistical
tests were done with StatView 4.0 software (SAS Institute,
Cary, NC).

RESULTS

In standard TEG assays, platelet function is detected
in the MA of the thrombin-formed fibrin network re-
sulting from thrombin activation of platelet—fibrin in-
teractions. This thrombin activation is stronger than any
other platelet activator; thus the effects of thromboxane
A, and ADP receptor antagonists are observed only as
a slightly delayed reaction time (R) to clot formation, as
shown in Figure 1. Comparing the surgery patients on
and off clopidogrel, we observed a significant shorten-
ing of R values after discontinuation of antiplatelet
therapies (P = .0002; paired t-test), decreasing from an
average of 320 = 121 to 247 = 107 seconds. However,
neither the change in R on and off clopidogrel nor the
absolute R values on clopidogrel correlate by Spearman
analysis with either absolute or relative percent inhibi-
tion changes detected by OPA (p < .05; P > .7). There
was no significant change in MAgy; on and off clopi-
dogrel (mean, 67 = 6 and 67 = 5, respectively; P =
.749; paired r-test) or angle (65 = 10 and 69 = 9
degrees, respectively; P = .09; paired z-test).
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Table I. Platelet assay percent responses with 1T wmol ADP, off and on clopidogrel, for OPA, modified TEG,

and PWA
Mean SD SE Median Range Ccv Skew Kurtosis
OPA
Off clopidogrel 43 18 3 46 4-80 0.42 —0.22 —-0.74
On clopidogrel 29 14 2 29 0-65 0.48 0.34 —0.01
Absolute inhibition 14 17 3 10 —9-50 1.23 0.58 —0.62
Relative inhibition 31 27 4 30 —13-100 0.88 0.30 —0.55
Modified TEG
Off clopidogrel 48 29 4 54 0-102 0.61 —0.07 —-1.17
On clopidogrel 28 17 3 25 4-66 0.63 0.60 —0.78
Absolute inhibition 20 22 3 12 —22-76 1.19 0.61 —0.35
Relative inhibition 48 37 6 51 —10-100 0.78 0.01 —-1.38
PWA
Off clopidogrel 70 19 3 73 18-100 0.28 —0.70 —0.15
On clopidogrel 37 31 5 31 0-96 0.84 0.48 -1.13
Absolute inhibition 33 30 5 29 —13-99 0.93 0.59 —0.46
Relative inhibition 49 38 6 52 —5-100 0.77 -0.12 —1.45

SD = standard deviation; SE = standard error; CV = coefficient of variation.

Using the modified TEG assay, in the absence of
thrombin generation, platelet ADP activation is ob-
served as an increased MA (Fig 1). The calculated ADP
9%MA response is comparable to OPA and sensitive to
antiplatelet drugs such as aspirin or clopidogrel.'® In
these assays ADP-activated TEG values for R (on clo-
pidogrel, 41 £ 27 seconds; off clopidogrel, 38 = 18

seconds; P = .476; paired t-test) and angle (on clopi-
dogrel, 56 *= 13 degrees; off clopidogrel, 54 = 13
degrees; P = .472) only reflect the efficiency of clot

formation by Haemoscope’s activator mixture.

A statistical analysis of the patients’ platelet re-
sponses to 1 wmol ADP on and off clopidogrel with and
without NSAID therapy for the 3 assays is given in
Table I. All 3 assays detected significant clopidogrel
inhibition (P < .0001; paired #-test). We calculated
clopidogrel inhibition of the %MA both as relative
percents and absolute values. All assays have a normal
distribution and occasionally a higher response on clo-
pidogrel, indicating negative inhibition. In a previous
study using both clopidogrel-inhibited and clopidogrel-
uninhibited platelets and various ADP doses to com-
pare OPA and TEG, linear regression gave r* = .65.'8
In the current study, with a smaller number of subjects
and more limited activation conditions, modified TEG
9%MA was correlated by linear regression analysis with
OPA for absolute (#* = .15) and relative percent inhi-
bition (#* = .55). Similar relationships of PWA abso-
lute and relative inhibitions to OPA gave r* values of
.07 and .16, respectively. Spearman correlation evalu-
ated the agreement between the assay methods. Modi-
fied TEG %MA correlated with OPA inhibition mea-
surements giving absolute (p = .424; P = .006) and
relative inhibition (p = .742; P < .0001) values. PWA

correlated with OPA with Spearman values for absolute
(p = .28; P = .08) and relative inhibition (p = .46; P
= .004).

By linear regression analysis, absolute inhibition by
clopidogrel has a positive relationship (+* = .389; P =
< .0001) to the baseline OPA response of the patients
[Fig 2(a)]. The OPA baseline response of the < 7.7%
inhibition nonresponders (37% = 21%) versus re-
sponders = 7.7% (45% = 17%) was somewhat lower
(but not significantly so) by analysis (P = .22; unpaired
t-test). The modified TEG [Fig 2(b)] and PWA [Fig
2(c)] also gave positive slopes ¥ = .122 and .071,
respectively; P = .022 and .099, respectively) with
respect to baseline reactivity, in agreement with OPA.

In view of the higher correlation of relative inhibition
values, these were used to compare the agreement of
the 2 whole blood assays to OPA. Bland-Altman bias
plots for the assays relative to OPA are shown in Figure
3. Both assays demonstrate good agreement within =
1.96 standard deviations. Both have similar constant
test biases, about 18%. There was no indication of
significant proportional error, but there was evidence of
some dependency on magnitude error. Linear regres-
sion analysis of the data to determine the linearity and
strength of this magnitude error gave slopes of .36 and
48, * values of .17 and .11, and P values of .003 and
.019 for the modified TEG and PWA assays, respec-
tively.

Table II summarizes the patient group characteristics
and compares apparent clopidogrel responders to non-
responders in this study. Atorvastatin has been sug-
gested to antagonize clopidogrel inhibition,® but we did
not observe this. NSAIDs act synergistically with clo-
pidogrel,” and the patients in this study were instructed
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Fig 2. Linear regression correlation of combined patients’ absolute
clopidogrel inhibition with baseline platelet responses for (a) OPA,
(b) modified TEG, and (c) PWA. Formulas for fitted lines and r?
values are shown.
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A. Modified TEG Versus OPA Relative Inhibition
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Fig 3. Bland-Altman bias plots for (a) modified TEG and (b) PWA
compared with OPA. The plots show the differences in the measured
relative inhibition between the 2 assays plotted against the mean
relative inhibition of the 2 assays for each patient. The dashed upper
and lower lines indicate = 1.96 standard deviations of the average of
the 2 assays, the solid trend line indicates the zero bias between
methods, and the dotted line indicates the actual mean systematic bias
(19% for PWA and 17% for modified TEG).

to discontinue both therapies. Although NSAIDs could
contribute slightly to ADP inhibition,'® there was no
significant difference in NSAID history between appar-
ent responders and nonresponders. The residual effects
of clopidogrel therapy, similar to aspirin therapy,
should be eliminated by platelet replacement over an 8-
to 12-day period.”® Shorter periods off clopidogrel
could result in smaller differences between the on- and
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Table Il. Patient group characteristics, clopidogrel
responders versus nonresponders (< 7.7% OPA
relative inhibition)

Elective surgery group (n = 43)

Clopidogrel Clopidogrel
responder nonresponder
Clinical variable (n = 32) (26%, n = 11)
Mean age (range) 65 (45-85) 65 (44-87)
Males 63% 55%
Atorvastatin 19% 0%
Baseline NSAID 59% 64%
Mean days off clopidogrel 11 (2-30) 11 (2-27)
(range)

Al differences are nonsignificant (P > .05, by the Mann-Whitney
U-test, age and days, or the x? test.

off-clopidogrel responses and less apparent inhibition.
However, there was no significant difference in the
period of on and off days (ranging from 2 to 30 days)
for nonresponders (< 7.7% OPA relative inhibition)
versus responders (P > .85; Mann-Whitney U-test).
Neither was there a significant Spearman correlation of
percent OPA inhibition with the number of days after
discontinuing antiplatelet therapy (p = .05; P = .72). In
this study we did not attempt to determine noncompli-
ance in this patient group, and some patients may have
continued taking antiplatelet drugs, accounting for the
lack of recovery of platelet function.

DISCUSSION

Two different whole blood assays to monitor platelet
function were used in this study. The modified TEG
assay allows formation of a fibrin network in the ab-
sence of thrombin with an increased MA dependent on
platelet activators similar to OPA. Under these activa-
tion conditions, it has a similar distribution of responses
close to the midpoint of the range of possible responses.
It differs from OPA by assaying whole blood with only
very gentle mixing and monitoring platelet interaction
with a fibrin network instead of a fibrinogen monomer.
In contrast to TEG and OPA, PWA provides a sensitive
single-point evaluation of platelet aggregation in whole
blood by single-platelet counting. In this study we
introduced some modifications to make the test more
comparable to the other assays and to decrease vari-
ability due to mixing and temperature differences.

Despite differences in the 3 tests, there is a significant
Spearman correlation among them. Bland-Altman anal-
ysis indicates correspondence between the whole blood
tests and OPA with a slight constant difference and
some dependency on magnitude error. This magnitude
error suggests that both whole blood tests overestimate
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recovery from clopidogrel inhibition relative to OPA at
higher mean levels of inhibition. This could be due to a
test error or to greater observed clopidogrel inhibition
in a whole blood environment.

Previous studies®’ found an inverse relationship of
absolute inhibition by clopidogrel with the baseline
responsiveness to ADP, suggesting that the higher re-
sponders would be less inhibited by clopidogrel and
have a higher percentage of nonresponders. Clopi-
dogrel inhibition can be overcome by higher doses of
ADP,'%!8 and resistance to inhibition can be overcome
with higher doses of clopidogrel or longer treatment
times.” In this study both whole blood assays agreed
with OPA that higher baseline responses to 1 wmol
ADP showed greater absolute inhibition. Depending on
the assay technique and ADP doses, individuals with
more ADP-responsive platelets assayed with a high
dose of ADP might not show clopidogrel inhibition.
However, assays in which mean baseline responses are
very low will underestimate inhibition. Thus it is im-
portant to select a dose of ADP for a particular assay
that is reasonably close to the baseline EDs, for the
population of subjects.

Evaluating treatment effectiveness is problematic
with quite variable baseline and posttreatment re-
sponses. This problem was addressed by Cohen,?*> who
related treatment effectiveness to an individual’s
change from baseline relative to the standard deviation
of observed changes in the entire treated population.
This approach standardizes the cutoffs of effectiveness
to the inherent variability of each measurement tech-
nology. With some refinements, the Cohen size effect
threshold remains an accepted standard in the medical
literature.* We hope that this approach of comparison
with a standard assay methodology, such as OPA, can
help standardize results from different studies and assay
technologies.

Because no clinical endpoints were measured in this
study, we cannot say what extent of platelet function
recovery is important in preventing bleeding complica-
tions. It should be noted that some individuals had
greater platelet responses to ADP while on clopidogrel
as opposed to baseline, as has been noted by others.°
This could reflect a relatively small inhibition by clo-
pidogrel and the influence of other uncontrolled vari-
ables affecting platelet function.

Speculations. Both PWA and modified TEG whole
blood assays correlate with OPA for detecting clopi-
dogrel inhibition. Because both PWA and modified
TEG use whole blood without the need for centrifuga-
tion, both qualify as point-of-care tests for rapidly
monitoring clopidogrel therapy in a clinical setting.
These assays can be used to evaluate the significance of
differences in inhibition by clopidogrel or other platelet
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inhibitors and recovery of platelet function before sur-
gery on patient outcomes. Moreover, such assays might
allow the development of a database to guide the cli-
nician as to the safety of proceeding with given surgical
procedures or monitoring emergency care patients on
platelet inhibitor therapies. Perhaps most important for
the individual patient being treated for cardiovascular
disease or thrombotic stroke is the possible availability
of a clinical assay to monitor the effectiveness of clo-
pidogrel therapy.

We wish to acknowledge the technical assistance of Melinda
Coker, Natalie Hammer, and Lucy Simpson, as well as the help of the
Pre-Anesthesia Evaluation Clinic staff in collecting blood samples
from patients.
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